Background: Cardiovascular research publications seem to be increasing in Latin America overall.
Introduction
Cardiovascular diseases are the leading cause of death in Latin America and the second cause exclusively among people aged 15-59 years 1, 2 . Research is an important strategy for disease control and overall health improvement and was included as one of the 11 essential public health functions monitored by the Pan-American Health Organization (PAHO) among member countries 3 . In particular, research on health system performance and economic assessments has been identified as one of the top priorities to improve cardiovascular health in the Americas 4 .
Bibliometrics comprises a series of methods aimed to quantitatively evaluate scientific literature, which can be used to assess research productivity 5, 6 . Jahangir et al 7 have previously conducted a bibliometric analysis of cardiovascular research articles from Latin America identified through the PubMed database (National Library of Medicine, National Institutes of Health, Bethesda, MD), which were published between 2001 and 2010. During this period, the total number of cardiovascular publications from Latin America indexed in PubMed increased about 18 fold, from 41 in 2001 to 726 in 2010. However, address information in PubMed is generally limited to the corresponding author, which may have led to an underestimation of the number of publications identified. Moreover, few data are currently available regarding the evolution of cardiovascular research publications from individual countries in Latin America, as well as other bibliometrics outcomes as citations.
We conducted a bibliometric analysis aimed to estimate the number, geographic distribution and citations of cardiovascular research publications from countries in Latin America. We explored associations between these outcomes and measures of country development level. In addition, we analyzed time trends on the number of publications and citations by country, as well as in Latin America, and contrasted these trends with those of other countries grouped according to economic development.
Methods

Study design and data source
We analyzed all cardiovascular research articles, reviews and conference proceedings published between 1999 and 2008 indexed on the Thomson Reuters Web of Knowledge Science Citation Index Expanded (SCI-EXPANDED), Social Sciences Citation Index (SSCI) and Conference Proceedings Citation Index-Science (CPCI-S, Thomson Reuters, NY). The study methods have been fully described elsewhere 8 . Briefly, we created and calibrated a bibliometric filter to capture cardiovascular research publications from the Thomson Reuters database using a previously published iterative approach in order to achieve precision (the proportion of retrieved publications that are relevant) and recall (the proportion of relevant publications that are retrieved) greater than 90% 6, 9 . Based on a previously used definition, we defined cardiovascular publications as: "all publications on the study of the cardiovascular system (heart and blood vessels) and its functions in health and disease, including heart disease and stroke, invasive/interventional cardiology, cardiac and vascular surgery, which is the practice of diagnostic and therapeutic procedures that involve entry into the heart and major blood vessels" 6 . Final precision and recall achieved were 0.905 and 0.903, respectively.
We applied the filter to the Thomson Reuters Web of Knowledge for publication years 1999 through 2008. We cleaned retrieved publication records by removing duplicates (based on the title) and any publication missing an address. We also queried search results in the Web of Knowledge for corresponding citation reports. We merged cleaned records with their five-year post-publication citation count (including the year of publication) and excluded publications without citation reports. We performed all searches in January 2013 to provide comparable citation estimates over time.
The Northwestern University institutional review board provided exemption from ethics review since this study did not meet criteria for Human Subject Research. Results from this study have been made publicly available at: http://182.74.145.48:8080/ccdcgmc-webapp/generate.ccdcgmc.
Countries classification and development data
For the present analysis, we used the list of Latin American countries defined by the Population Division of the Economic Commission for Latin America and the Caribbean (ECLAC), United Nations, which includes Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, El Salvador, Guatemala, Haiti, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru, Uruguay and Venezuela 10 . We classified other countries according to the 2011 World Bank Income Groups based on their gross national incomes 11 . High-income countries were additionally classified as members of the Organization for Economic Cooperation and Development (OECD) or non-OECD members 12 . For each country, the human development index (HDI) and the gross domestic product (GDP) per capita in 2000 and 2008 were obtained from the World Bank development indicators 13 .
Bibliometric outcomes
We aggregated publication data by country for the total number of publications and total five-year post-publication citations. We used address information from authors and institutions to identify countries involved in each publication. We calculated the total number of publications by summation of integer counts, crediting every country contributing at least one co-author with a per-publication score 5 . We did not apply weights by author order or reprint addresses.
We calculated total five-year post-publication citation counts as the sum of all five-year post publication counts for any paper to which a country contributed, including the year of publication. We estimated a citation index for each country and year by dividing the total number of five-year post-publication citations by the total number of publications from the corresponding year. This citation index approximates the mean five-year post-publication citations of publications from a particular country in a particular year.
We further aggregated bibliometric outcomes for the Latin America region. We calculated the total number of publications and total number of five-year post-publication citations by year by adding the individual estimations from each country. Then, we calculated an annual citation index as reported above for individual countries. For comparison, we conducted the same calculations for other groups of countries classified according to the World Bank Income Groups.
Statistical analysis
We created Poisson regression models to analyze the time trend on the total number of publications (outcome, in integer counts) by country in Latin America, using 1999 as baseline (year 0). We created similar Poisson models to analyze the time trend on the citation indices, including the total number of five-year post-publication citations as outcome and the log of total number of publications by year as offset parameter. We only included years with publications for this analysis. After exponentiation, coefficients for the time variable (per year increment) from Poisson regression models can be interpreted as the relative annual change on the outcome (taking into account differences in the offset parameter, if included). These coefficients can be transformed to annual change percentage using the following equation: Finally, we analyzed time trends on the total number of publications and citation index from the Latin America region. We created similar Poisson regression models as reported above for individual countries. For comparison, we conducted the same analyses for other groups of countries classified according to the World Bank Income Groups. We performed a sensitivity analysis by excluding China from the upper-middle income countries group, because China has shown the fastest growing and highest number of bibliometric outcomes between 1999 and 2008 among these countries 8 .
We conducted all statistical analyses using STATA IC v11.2 (College Station, TX) and R v2.15.2 (The R Foundation for Statistical Computing; Vienna, Austria) with a 2-sided level of significance alpha < 0.05. We report the statistical significance from Poisson regression models through the 95% confidence interval for the annual change percentage. Specifically, a 95% confidence interval excluding 0% indicates that the increase or decrease in the outcome over time was statistically significant at the significance level adopted.
Results
We retrieved a total of 456,120 publications from 1999 to 2008 from the Thomson Reuters Web of Knowledge. After we removed duplicates and matched records with citation reports, we included 430,712 publications with complete information in the present analysis (a flowchart is shown in Figure 1 ). Overall, the number of cardiovascular publications retrieved increased over time, from 37,849 publications in 1999 to 54,459 in 2008. Table 1 shows the number of publications from countries in Latin America between 1999 and 2008, and Figure 2 shows the geographic distribution of publications in 2000 and 2008. Brazil (n = 6,132) published most frequently during the period analyzed, followed by Argentina (n = 1,686), Mexico (n = 1,368) and Chile (n = 874). These four countries accounted for almost 90% of all publications from Latin America in 2008. Nine countries had at least one year without publications.
Most countries demonstrated increases in the number of publications over time. The top countries with greater relative increase in the number of cardiovascular publications were Guatemala, Colombia, Costa Rica, Brazil and Bolivia. In the additive scale, Brazil was the country with the greatest increase in the number of publications (from 305 publications 
Discussion
We analyzed the number, geographic distribution and temporal trend of cardiovascular research publications from countries in Latin America between 1999 and 2008. We observed a high concentration of publications in only four countries (i.e., Brazil, Mexico, Argentina and Chile), all of them with high development indicators. In addition, we observed an increase in the number of publications in most countries analyzed. In particular, Brazil was the country with the largest absolute increment in publications, representing the main driver for the overall increase observed in the region. In contrast, we observed a less consistent evolution of citation indices over time, including several countries with a statistically significant decrease during the period analyzed. As a consequence, the citation index of cardiovascular publications from Latin America modestly increased compared with those of all other groups of countries analyzed. Although we found a statistically significant increase in the total number of cardiovascular publications from Latin America, our results suggest that these publications may have had a low impact on the cardiovascular research field.
Results regarding the geographic distribution and temporal trend of cardiovascular research publications from Latin America were consistent with a bibliometric analysis conducted by Jahangir et al 7 through PubMed. Authors reported that Brazil, Mexico, Argentina and Chile were the leading countries with the highest number of publications in Latin America Our estimation of that increase was more conservative (about 3 fold between 1998 and 2008) and similar to the increase observed in other low-middle income countries. This difference with prior results could be attributed to the higher number of publications we retrieved. Our results expand the current knowledge by showing that the increase in the number of cardiovascular publications from Latin America was consistent with an increase in the number of publications from the vast majority of the countries in the region. A prior bibliometric analysis on public health publications conducted through Scopus has reported a low visibility of publications from Latin America 14 . In this analysis, Latin America accounted for only 3.3% of world citations although producing 6.5% of all citable publications. Although we observed that the citation index for cardiovascular research publications from Latin America in 2008 was only surpassed by citation indices for OECD and non-OECD high-income countries, we also observed that the citation index of Latin America barely increased during the period analyzed.
The increase in the number of cardiovascular publications from Latin America should be considered in the context of local actions undertaken to promote health research. In 2001-2002, PAHO conducted a series of workshops including national and subnational health authorities as well as other key respondents in order to evaluate the performance of the 11 essential public health functions in Latin America and the Caribbean using a consensus methodology based on predefined indicators 15 . As result, health research was identified as having one of the poorest performances in the region 16 . Following these workshops, several countries developed initiatives to promote local health research. For example, the San Carlos University in Guatemala incorporated the Essential Public Health Functions strategy from PAHO as part of its Human Resources Development Strategy and its Master program in Public Health 17 . Costa Rica consolidated a National Health Research and Technological Development Plan, among other initiatives 17 . Brazilian health authorities developed and implemented a National Agenda of Priorities in Health Research, defined based on criteria as burden of diseases, cost-effectiveness and impact on equity, among others 17 . In our study, Guatemala, Costa Rica and Brazil were at the top of countries with the highest relative increment in the number of cardiovascular publications. However, it is not possible to know to what extent these particular interventions contributed to the increase observed. In the case of Brazil, results should be considered in the context of a country with rapid expansion in science 18 , with similar improvements in other fields such as analytical chemistry and veterinary medicine 19, 20 .
Economic funding is an essential factor to support and promote research. Maceira et al 21 examined the public financing for health research in Argentina, Bolivia, Chile, Paraguay and Uruguay between 2002 and 2006. Authors have reported important differences regarding total available funds, time trends, as well as resource allocation between those countries. Argentina was the leading country on total funds measured in constant dollars, followed by Chile, Uruguay, Bolivia and Paraguay 21 . In particular, Argentina and Chile showed some similarities in their resource allocation profile, including that none of those countries had an explicit method for research prioritization 21 . Between 2002 and 2006, Argentina and Chile allocated 41% and 42% of their public financing for research on non-communicable diseases, Table 1 .
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33% and 25% for basic science, and 11% and 14% for communicable diseases, respectively 21 . Total funds increased more in Argentina (about 16% annually) than in Chile (about 6% annually) during the period analyzed 21 . Interestingly, we observed a lower increase in cardiovascular research publications from Argentina as compared with those from Chile. However, the citation index of Argentina increased more as compared with that of Chile, suggesting that the increasing resources in Argentina may have had higher impact on factors that influence result dissemination.
Despite some improvements, most of the National Research Systems for Health in Latin America were found to be inefficient after the 1 st Latin American Conference on Research and Innovation for Health hold in Rio de Janeiro in 2008 22 . In our analysis, we used citation indices as surrogates for the impact from publications. This is a result from several factors, including relevance, innovation, quality and visibility achieved from each publication and other factors, such as self-citations and ease of citations, both of which are increasing over time. Our study provides novel information suggesting that the increase in cardiovascular research publications in Latin America may have not been accompanied by a rise on these factors. Most of the countries with increases in their number of cardiovascular publications did not show a statistically significant increase in their citation indices as Brazil, or even decreased them, as is the case of Colombia. This could be explained by a reduced exposure of these publications by having been published in languages other than English. It can also represent a local lack of interest (or even a resistance) to try to obtain high visibility of results by targeting high impact factor journals 23 Strengths of our study include the iterative process used to build the search strategy, the rigorous testing of our filter to achieve high precision and recall, and the extensive collection of data on contact information and citations retrieved. Our study also has several limitations. First, our analysis was conducted on publications indexed in the Thomson Reuters Web of Knowledge and may not represent all cardiovascular publications of Latin American countries, particularly because local journals could be underrepresented. Second, we were not able to differentiate between publications of basic science research and clinical or public health research, which prevented potential shifts between those categories from being detected over time. Third, we used citation indices as a measurement of the impact of publications on the research field, which can underrepresent the actual effects that research results may have on the overall health in a particular country 25 . 
Conclusions
We analyzed cardiovascular research publications and their citations from Latin American countries between 1999 and 2008. During the study period, publications from Latin America increased about 12.9% (12.1% -13.5%) annually. However, those publications were predominantly concentrated in a reduced number of countries with high development indicators. Although we also observed an improvement in citations, it was lower than that in the other countries analyzed, suggesting a relatively low impact of Latin American publications on the cardiovascular research field over the study period. Our results stress the importance of promoting cardiovascular research in less developed Latin American countries, as well as considering actions aimed to strengthen factors, such as quality, relevance and dissemination, as part of local research governance policies. 2,000 4,000 6,000 8,000 10,000 12,000 14,000 (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) Other UMIC excluding China (n = 35) 
Figure 5 -Time trends of cardiovascular publications (integer counts) and citation indices from Latin America and the rest of the world according to the World Bank income groups
